Acidophilic macrophage pneumonia, characterized by an accumulation of characteristic crystalloid-laden alveolar macrophages, was seen in 30/7,500 NMRI, 7/600 T x HT, 2/100 C57BL and in no cases of 1,500 CBA and 1,100 BALB/c mice. Histologically, there was a focal accumulation of large numbers of eosinophilic macrophages, generally associated with granulocytes. Macrophages could be mononucleate or multinucleate and had a crystalline cytoplasm. Free-lying crystals were sometimes observed. Ultrastructurally, macrophages had a cytoplasmic accumulation of needle-shaped and rhomboidal crystals, often showing a clear lattice structure with a repeat of 3-5 nm. The crystalloid inclusions may be derived from the breakdown products of granulocytes and appear similar to inclusions in macrophages in other parts of the hematopoetic system. That these inclusions are probably derived from eosinophils is based on the appearance within macrophages of structures resembling eosinophil granules at various stages of degradation and the similarity between the lattice repeat of the crystalloids and that of the crystalline core of the eosinophil granule. The crystalloid inclusions may be related to the Charcot-Leyden crystals found in human beings.
Acidophilic macrophage pneumonia (AMP) is the name of a lung lesion in mice characterized by a focal to widespread intra-alveolar accumulation of large acidophilic macrophages, whose cytoplasms are laden with crystalloid inclusions. Reports of this lesion are rare, although it was described as early as 1942 in some detail by Green,1S who also noted two much earlier descriptions of a similar lesion. Acidophilic macrophage pneumonia has been observed to occur at a high rate in aged C57BL mice (30% in males and 16% in females)29 and a lower rate in aged Han:NMRI mice, especially after restricted feeding. 27 A lesion fitting the description of AMP is the major cause of death in motheaten mice, a mutant C57BL strain.'O The lesion in motheaten mice is the only one to have been studied ultrastructurally. The etiology of AMP is unknown, and the exact nature of the crystalloid inclusions has yet to be discovered.
In most reports, AMP is referred to only incidentally, and it is not described in the standard monograph on the respiratory system in laboratory animals.*O Thus it seems possible that many investigators are not aware of its existence and may be led to interpret falsely its appearance in experimental animals. This report is intended to provide a comprehensive description of AMP, including its ultrastructure, as well as a review of the relevant literature. The factors indicating that the crystalloid inclusions might derive from breakdown products of granulocytes, and the possible relationship to Charcot-Leyden crystal f o r m a t i~n ,~~~~~~~ are discussed.
Materials and Methods

Animals
Mice of different strains (NMRI, BALB/c, C57BW6, CBA, C3H, 101, C3H x 101/F,, XGf, STU, T x HT) were observed during the course of various long-term experiments. The mice were obtained from our own bamer-sustained breeding colonies. The mice are known to be camers of mouse hepatitis virus (MMV), and pasteurella pneumotropica, although the only clinical expression of the latter is in the form of genital abscesses in immune-suppressed animals (nude mice). The colonies were free of other common viral agents, e.g., Rheo 3, Sendai, Theiler, MVM, and of ecto and endoparasites. They were free of any clinically expressed or histologically observable respiratory tract infections or pneumonias. Animals were maintained under a 12-hour light/l2hour dark cycle and given food (Altromin) and water ad libitum. The bedding material was a special dust-free softwood fibre chip preparation, subject to regular toxicological and bacteriological testing. Animals were inspected regularly and euthanatized after they became moribund. Complete necropsies were performed in all cases and appropriate tissues selected for histological examination.
Light microscopy
Organs were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 pm, stained with hematoxylin and eosin, and examined by light microscopy. In four cases of acidophilic macrophage pneumonia, parallel sections were stained further with Giemsa, periodic acid-Schiff, van Gieson and Congo Red.
Electron microscopy
In two cases, lung tissue was fixed directly by immersion in 3% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.3). In three cases, formalin-fixed or deparaffinized tissue was processed further for electron microscopy. All tissue blocks were post-fixed in chrome-osmium, dehydrated in alcohol, and embedded in epon according to standard procedures. Thin sections were cut with a diamond knife, stained with uranyl acetate and lead citrate, and viewed in a Zeiss EM lOCR electron microscope.
Results
We identified 39 cases of acidophilic macrophage pneumonia (AMP) from a total of approximately 12,000 necropsies performed during a 6-year period. Of these, 30 were in NMRI strain mice, seven in T x HT and two in C57BL. No cases of AMP were observed in any of the other strains investigated. Approximately 7,500 necropsies were in NMRI strain mice, 1,500 in CBA, 1,100 in BALB/c, 600 in T x HT and 100 in C57BL, with the remainder distributed between various strains. Clearly the predominance of AMP cases in NMRI mice reflects the greater number of mice investigated, whereas the appearance of AMP in T x HT and C57BL mice, but not in BALB/c or CBA mice, indicates a real strain difference. Eighteen cases were in mice more than 2 years old, and only two cases were in mice less than 1 year old (9 months and 11 months, respectively). This age distribution approximately reflects the distribution of age at necropsy, except for the notable absence of any cases of AMP in animals less than 6 months old and the rare appearance in animals less than 1 year old. In general, only female mice were used in investigations. In the T x HT strain, in which approximately equal numbers of males and females were necropsied, the lesion appeared with equal frequency in both sexes. Approximately half of the cases were discovered as a result of macroscopic investigation, in the form of a poorly delineated focus or discolored lobe (fatty, glassy, grayred). Because of the presence of other macroscopicallyidentified lung lesions (mainly bronchiolar-alveolar tumors and nodules of lymphoma), the remaining cases were discovered during histologic examination of lung tissue. In routine investigations, we investigate lung histologically only when large ( 2 3 mm in diameter) lesions are identified macroscopically, or when clinical symptoms indicate lung dysfunction. Thus the number of cases of acidophilic macrophage pneumonia that we found probably represents a considerable underestimate of total prevalence. In only one case were clinical symptoms clearly attributable to the pneumonia. In more than half of the cases there were no obvious signs of reduced lung capacity, and in the remaining cases symptoms could also be attributed to other lung lesions.
Light microscopic findings
The characteristic feature of this lesion was a focal accumulation of large numbers of eosinophilic macrophages within the alveoli (Fig. l) , generally associated with variable amounts of other inflammatory cells. The macrophage foci were not directly associated with lung tumors, when present, and were only occasionally found adjacent to nodules of lymphoma. The inflammatory infiltrate always included, but was not predominantly composed of, eosinophilic leukocytes. At higher magnification, the macrophage cytoplasm appeared somewhat crystalline (Fig. 2) . The macrophages stained negatively with Congo Red, yellow with van Gieson, and pale-pink with periodic acid-SchiK They did not show metachromasia with Giemsa and were neither birefringent in polarized light, nor fluorescent in ultraviolet.
Although the basic form of the lesion was constant, the precise appearance varied both within and between specimens. Some areas showed mostly multinucleate macrophages in the direct neighborhood of leukocytes. Other areas contained predominantly mononucleate macrophages (Fig. 2) . Occasionally, groups of leukocytes appeared to be phagocytosed into giant cells (Fig.  3) , and free-lying crystals were seen, sometimes completely surrounded by macrophages ( Fig. 4) . Such crystals were commonly found in the bronchi but were also present in the alveoli. In rare cases, areas were found containing mostly large free-lying crystals (Fig. 5) .
Electron microscopic findings
As in the light microscope, the precise appearance of the lesion varied between samples and in different areas of the same sample. The common feature was the presence of mononucleate or multinucleate macrophages containing an accumulation of characteristic, mostly needle-shaped crystals (Fig. 6 ). Leukocytes, mostly eosinophils and neutrophils, were often observed within capillaries in the neighborhood of the macrophages (Fig. 6) . Very occasionally, macrophages were seen possibly in the act of engulfing leukocytes in the interstitium.
The crystalloid inclusions were not completely regular. Most were more or less needle-shaped, but rhomboid and pyramid forms were also present. On close inspection, most of the inclusions appeared to lie within membrane-bound vacuoles (Fig. 7) . At higher power, some of the crystals showed a clear lattice structure with a longitudinal or diagonal repeat of 3-5 nm (Figs. 8-10) depending on the orientation. In addition to the crystalloids, many of the macrophages contained oval inclusions with a rod-shaped crystalline core and different densities of outer material, which bore a strong resemblance to eosinophilic leukocyte granules (Fig.  11 ).
Discussion
The appearance of a focal accumulation of crystalladen eosinophilic macrophages in mouse lung, named acidophilic macrophage pneumonia (AMP) by van Swieten et al.,29 has been described sporadically by various authors during the 40 years following Green'P investigation of the lesion. 12~16,27,30,33*36 Only one of these authors was able to make ultrastructural investigat i o n~,~~ and the cause of the lesion remains obscure. We do not know of any published reports of a similar lesion in rats or other rodents, neither have we observed it ourselves. This does not exclude the possibility, however, that it has simply been overlooked as a result of low incidence or by being masked by other more prominent lung lesions. Although little has been published concerning the derivation of the crystalloid inclusions in the lung macrophages, detailed studies have been made on macrophages with a very similar appearance that were observed in various regions of the mouse hematopoetic system. Single macrophages with crystalloid inclusions are observed fairly frequently in normal mouse bone m a r r~w ,~~~~~ as well as occasionally in normal spleen and lymph nodes,29 and in spleen and lymph nodes of mice with leukemia, particularly myeloid l e~k e m i a '~ (Murray, unpublished observation). Similar macrophages have also been described in rabbit spleen28 and in human bone m a r r~w .~ Y a m a~a k i~~ investigated the ultrastructure of the crystals in mouse bone-marrow macrophages in some detail. He described four types of images, one without periodicity and three with periodicities of 3.5 nm to 3.7 nm, all of which he considered to be different aspects 6f the same crystalloid structure. Similar values for the periodicity of crystals in bone-marrow macrophages have been given by (Fig. 8), diagonal (Fig. 9) and intermediate (Fig. 10) repeats, corresponding to Types B, C, and D.12 Bars = 50 nm.
Their results confirmed the observations made by a number of and do not support the theory put forward by some others3J1 that the crystals might be derived from ingested erythrocytes.
Crystal-laden, bone-marrow macrophages have been investigated in considerably more detail than have the macrophages in acidophilic macrophage pneumonia, presumably because they are more readily available for examination. Ultrastructurally, however, the macrophages and crystalloid inclusions appear identical, and it seems reasonable to extrapolate the results of investigations on bone-marrow macrophages to the lung macrophages. Cytochemical staining of the lung macrophage crystalloid inclusions indicates that they contain protein.lS Considering the results of the investigations with bone-marrow macrophages,2 the most likely possibility is that the crystalloid inclusions represent accumulated degradation products from granulocytes, probably eosinophils. Both our observations, and descriptions contained in other reports, support this possibility. All the cases of AMP that have been described were associated with a mild to severe inflammatory reaction. Our studies show the consistent presence of eosinophil granulocytes, as well as occasional direct phagocytosis of these cells. The crystalladen macrophages often contained structures resembling eosinophil granules, and in some cases the appearance of these was compatible with the effects of progressive digestion of the outer part of the granule, leaving the crystalline core (Fig. 7) . The lattice repeat of this crystalline core is reported to be of the order of 3-5 nm,13 which is compatible with the spacing of the crystalloid inclusions. Thus the most likely source of the crystalloid inclusions in the lung macrophages seems to be accumulation of breakdown products of eosinophil leukocyte granules.
The reason for the focal accumulation of crystalloidcontaining macrophages in the lung remains unclear, but from our observations various possibilities can be proposed. We only observed cases of AMP in strains of mice that, in our experience, are prone to develop immunopathologic lesions (glomerulonephritis, glomerulosclerosis, and arteritis). The published accounts indicate a similar trend with a higher incidence in the immunopathic strains C57BL and N M R 1 1 2 3 2 7 , 2 9 and a major occurrence in the immune defect motheaten This suggests that AMP might be associated in some way with an immune abnormality resulting, for example, in an abnormal influx of leukocytes into the lung with accumulation of macrophages as a secondary effect following phagocytosis. Equally, there might be an influx of an unusual type of macrophage into the lung, either in response to the inflammatory infiltrate, or as an immunopathic effect by itself. In some cases, there may be an increase in eosinophils resulting from lung tumor cells producing eosinophil stimulating or chemotactic factors.22 Studies in motheaten mice suggest that the macrophages themselves could be d e f e c t i~e ,~~.~~ but this seems unlikely to be the case in general, in view of the fact that crystalloidladen macrophages are a normal constituent of bone marrow. Finally, in studies on smoke-exposed mice, the crystalloid inclusions have been attributed to accumulation of kaolin from tobacco however, the macrophages observed in these studies appear identical to those in AMP and the inclusions different from the typical smoker's inclusions observed in human being^.^ Since these macrophages were also associated with abnormal aggregates of lymphocytes, and the studies used C57BL, which have a high incidence of AMP, it seems more likely that AMP was induced or promoted in the mice by tobacco smoke, than that the crystalloids derived from kaolin.
A further question concerns the relationship of the free extracellular crystals to the intracellular inclusions. Our observations suggest the following possible steps in the pathway of development: phagocytosis of eosinophils by alveolar macrophages, formation of crystalloid inclusions within the macrophage lysosomes, development of larger crystals by agglomeration, dis-ruption of macrophages and release of crystals, and surrounding of large crystals by monocytes in a type of foreign-body reaction. Although this pathway appears plausible, it remains to be shown whether the large crystals observed in the upper airways and bronchioles are actually or always related to the macrophage inclusions. There are a number of reports describing large crystals in the bronchioles or associated with other glandular epithelial structures with no mention of the presence of acidophilic macro phage^,^^^^^ and we have observed similar occurrences in various strains of mice (unpublished observations).
Finally, it is interesting to consider the possible relationship of the macrophage inclusions to Charcot-Leyden crystals. The latter are thought to be unique to primates.1° They are found associated with pathologic accumulations of eosinophils, for example in asthmatic secretions and in stools in diseases where there is eosinophilic infiltration of the intestinal mucosa.I7 They can be produced directly in vitro by treating eosinophils with wetting agents.lO In vivo they appear to form directly in the extracellular milieu, as well as occasionally within eo~inophils.~~ They have been shown to be formed in human bone marrow macrophages following phagocytosis of eosinophilic granul o c y t e~,~~ and appear within the cytoplasm of pulmonary macrophages in cases of chronic eosinophilic pneumonia.21 Charcot-Leyden crystals are thought to be derived from the core of the eosinophil gran~le,~JO although this remains open to discu~sion.~J~ Clearly, there are many similarities between Charcot-Leyden crystals and the crystalloid structures reported here; however, they do not appear to be completely identical. Charcot-Leyden crystals generally have a distinct hexagonal bipyramidal shape, only occasionally showing the needle-shaped form characteristic of the mouse macrophage crystals. They are also said to contain an appreciable quantity of zinc,6 although this has been questioned.' Zinc appears to be lacking in the mouse crystalloids.'.2 The fact that crystals do not form spontaneously in vitro from guinea-pig eosinophils treated in the same way as human cellsIO suggests that primate eosinophil granules have a unique composition that allows direct formation of Charcot-Leyden crystals. As suggested by Ward30 the crystalloid inclusions in the mouse macrophages might represent a structure in mice analogous to Charcot-Leyden crystals in human beings. But, whereas in human beings the crystals can form directly, in mice phagocytosis by macrophages may be a necessary prerequisite for their formation.
In conclusion, AMP is a constant finding at low frequency in a number of mouse strains and may be related to an immune defect. The histologic and ultrastructural appearance of the lesion supports the idea phages are derived from breakdown products of granulocytes. 
